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==========================

Peripheral arterial occlusive disease (PAOD) is a common systemic vascular problem, which is mainly caused by atherosclerosis \[[@ref1]\]. Patients with PAOD have either partial or total obstruction of proximal or distal arteries of the lower extremities \[[@ref2]\]. The signs and symptoms of PAOD are variable; many patients present with the classic symptom of claudication \[[@ref3]\]. PAOD is a strong predictor for all-cause mortality and is associated with increased cardiovascular mortality in hemodialysis (HD) patients; therefore, it is important to diagnose and treat PAOD in such patients as early as possible \[[@ref4][@ref5][@ref6][@ref7]\]. Although the golden diagnostic tool for PAOD is angiography, it is rarely used for follow-up of progression of the disease due to its invasiveness. On the other hand, ankle--brachial index (ABI) is a noninvasive diagnostic test, which can be used for subsequent monitoring of PAOD. ABI is a reliable test with 95% sensitivity in the diagnosis of PAOD when the result is \<0.9 \[[@ref8]\].

Adiponectin is a kind of adipokines that is a 244 amino acid and 30-kDa protein and is known to have antiatherogenic, anti-inflammatory, and insulin-sensitizing effects \[[@ref9][@ref10]\]. Patients with obesity, metabolic syndrome, and diabetes mellitus (DM) were found to have lower serum adiponectin levels \[[@ref11]\]. Serum adiponectin level is negatively associated to estimate glomerular filtration rate where a higher level of adiponectin is noted in patients with end-stage renal disease (ESRD) \[[@ref12]\]. Lower serum adiponectin level is a predictor of poorer cardiovascular disease (CVD) outcomes in chronic kidney disease (CKD) patients \[[@ref13]\]. Since CVD is the main cause of mortality among CKD and ESRD patients, it is important to investigate the correlation of adiponectin in this special population \[[@ref14]\]. Adiponectin is found to have antiatherogenic effects and is helpful in the prevention of atherosclerotic vascular diseases \[[@ref15]\]. One study demonstrated a significant negative correlation between serum adiponectin levels and CVD among HD patients \[[@ref16]\]. In addition, another study in 2016 found that lower serum adiponectin levels were associated with higher prevalence of PAOD in HD patients without DM \[[@ref17]\]. In addition, Lim *et al*. found that serum adiponectin seems inversely associated with PAOD in HD patients \[[@ref18]\]. This study aims to examine the correlation between serum adiponectin levels and diagnosis of PAOD among HD patients.

M[ATERIALS AND METHODS]{.smallcaps} {#sec1-2}
===================================

Patients {#sec2-1}
--------

Patients older than 20 years of age, receiving standard 4-h dialysis three times per week, using standard bicarbonate dialysate and had been on dialysis for at least 6 months from our HD program were invited to participate in our study. The study was conducted from March 2015 to July 2015 at a medical center in Hualien, Taiwan. A total of 141 participants were enrolled and participants were excluded if they had any acute infection (*n* = 5), heart failure (*n* = 1), malignancy (*n* = 6), taking cilostazol or pentoxifylline during blood sampling period (*n* = 3), or if they refused to sign consent form for the study (*n* = 26). Finally, a total of 100 HD patients were recruited for our study. The study was approved by the Protection of Human Subjects Institutional Review Board of Tzu Chi University and Hospital (IRB103-136-A). Hypertension was diagnosed if patients\' systolic blood pressure was ≥140 mmHg and/or diastolic blood pressure was ≥90 mmHg or if they have received any antihypertensive medication in the previous 2 weeks. Type 2 DM was diagnosed if a patient\'s fasting plasma glucose was ≥126 mg/dL or if they were using anti-diabetic therapy \[[@ref19]\]. The Kt/V and urea reduction ratio were measured before dialysis and immediately after dialysis using a formal, single-compartment dialysis urea kinetic model.

Anthropometric analysis {#sec2-2}
-----------------------

Body weight was measured to the nearest half-kilogram with the patient in light clothing and without shoes before and after HD. Height was measured to the nearest half-centimeter after HD. Waist circumference was measured to the nearest half-centimeter at the shortest point below the lower rib margin and the iliac crest after HD. Body mass index was defined as the post-HD body weight (kilograms) divided by height squared (meters). The standard tetrapolar whole body (hand-foot) technique was used for bioimpedance measurements of body fat mass by using a single-frequency (50-kHz) analyzer (Biodynamic-450, Biodynamics Corporation, Seattle, USA) after HD by the same operator \[[@ref20][@ref21]\].

Biochemical determinations {#sec2-3}
--------------------------

Blood samples of approximately 5 mL were taken before the start of HD and were immediately centrifuged at 3000 g for 10 min after collection. Serum samples were stored at 4°C and used for biochemical analyses within 1 h of collection. Serum levels of blood urea nitrogen, creatinine, glucose, total cholesterol, triglyceride, albumin, globulin, total calcium, and phosphorus were measured using an autoanalyzer (Siemens Advia 1800, Siemens Healthcare GmbH, Henkestr, Germany). Serum adiponectin levels (SPI-BIO, Montigny le Bretonneux, France) and intact parathyroid hormone (iPTH) (Diagnostic Systems Laboratories, Webster, Texas, USA) were measured using a commercial enzyme-linked immunosorbent assay kit \[[@ref20]\].

Ankle-brachial index measurements {#sec2-4}
---------------------------------

The ABI values were measured using an ABI-form device (VaSera VS-1000, Fukuda Denshi Co, Ltd, Tokyo, Japan) that automatically and simultaneously measures BP in both arms and ankles of patients using an oscillometric method \[[@ref21][@ref22]\]. ABI was calculated as the ratio of the ankle SBP divided by the arm SBP, and the lower value of the ankle SBP was used for the calculation. Monitoring cuffs were placed around four extremities. Patients\' electrocardiograms and heart sounds were recorded when they were at rest and in the supine position for at least 10 min. These parameters were measured repetitively over patients\' both legs and the means were calculated. PAOD was diagnosed when ABI was \<0.9 \[[@ref23]\]. In this study, ABI values \<0.9 were used to define the low ABI group \[[@ref21][@ref22]\].

Statistical analysis {#sec2-5}
--------------------

Data were tested for normal distribution using the Kolmogorov--Smirnov test. Data were expressed as means ± standard deviation for normally distributed data and as medians and interquartile ranges for nonnormal distributed data. Student\'s independent *t*-test (two-tailed) was used to compare parameters with normal distribution and the Mann--Whitney U-test was used for nonnormal distributed data. The serum glucose, triglyceride, and iPTH datasets showed skewed nonnormal distributions initially and became normally distributed after recalculation by transformation to the logarithm to the base 10. Chi-square test was used to analyze the data expressed as the number of patients. Variables that were significantly associated with PAOD in HD patients were evaluated for independence by multivariable logistic regression analysis. Receiver operating curve (ROC) was used to calculate the area under the curve (AUC) to identify the value of adiponectin to predict PAOD in HD patients. All statistical analyses employed SPSS for Windows (version 19.0; SPSS Inc., Chicago, IL, USA). *P* \< 0.05 was considered statistically significant.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

The anthropometric, biochemical data, comorbidity, and drugs used of all HD participants are shown in [Table 1](#T1){ref-type="table"}. The mean age of the 100 HD patients was 64.8 years, and they had received HD for 83.9 months. Among 100 HD recipients, 18 patients (18.0%) were in the low ABI group. Compared with patients in the normal ABI group, the patients in the low ABI group had older age (*P* = 0.027) and lower serum adiponectin level (*P* = 0.003). Compared with patients in the normal ABI group, the patients in the low ABI group had a higher prevalence of diabetes (*P* = 0.043). There was no statistically significant difference in sex, comorbid conditions with hypertension, or usage of angiotensin-converting enzyme inhibitors or angiotensin-receptor blockers, β-blockers, calcium-channel blockers, fibrates, or statins.

###### 

Clinical variables of the 100 hemodialysis patients with normal or low ankle brachial index group

  Characteristics                     All patients (*n*=100)   Normal ABI group (*n*=82)   Low ABI group (*n*=18)   *P*
  ----------------------------------- ------------------------ --------------------------- ------------------------ -----------
  Age (years)                         64.80±13.66              63.39±14.03                 71.22±9.79               0.027\*
  HD duration (months)                83.93±68.31              82.83±68.34                 88.93±69.89              0.733
  Height (cm)                         157.65±8.65              157.41±9.01                 158.72±7.02              0.565
  Pre-HD body weight (kg)             59.60±13.36              58.49±13.10                 64.63±13.79              0.078
  Post-HD body weight (kg)            57.47±13.03              56.34±12.73                 62.62±13.51              0.064
  Waist circumference (cm)            88.49±12.21              87.48±11.91                 93.11±12.82              0.076
  BMI (kg/m^2^)                       23.08±4.80               22.68±4.60                  24.92±5.37               0.073
  Body fat mass (%)                   26.82±7.64               26.44±7.49                  28.57±8.28               0.286
  Left-ABI                            1.04±0.19                1.11±0.15                   0.77±0.12                \<0.001\*
  Right-ABI                           1.02±0.16                1.06±0.13                   0.86±0.19                \<0.001\*
  SBP (mmHg)                          143.32±26.54             144.47±27.23                138.06±23.04             0.355
  Diastolic blood pressure (mmHg)     77.29±17.22              77.84±17.63                 74.78±15.39              0.497
  Total cholesterol (mg/dL)           143.84±32.70             147.18±34.15                133.17±22.87             0.127
  Triglyceride (mg/dL)                109.50 (75.75-173.25)    107.00 (72.50-169.75)       116.00 (94.50-180.50)    0.412
  Glucose (mg/dL)                     128.50 (107.75-160.75)   128.50 (110.00-151.00)      129.00 (104.00-233.50)   0.612
  Albumin (mg/dL)                     4.12±0.47                4.16±0.50                   3.94±0.26                0.068
  Globulin (mg/dL)                    3.17±0.60                3.20±0.63                   3.04±0.46                0.334
  Blood urea nitrogen (mg/dL)         62.65±14.93              63.57±14.60                 58.44±16.08              0.188
  Creatinine (mg/dL)                  9.02±2.01                9.19±2.14                   8.27±1.03                0.079
  Total calcium (mg/dL)               8.98±0.74                8.98±0.77                   8.99±0.59                0.939
  Phosphorus (mg/dL)                  4.70±1.28                4.69±1.31                   4.74±1.17                0.884
  iPTH (pg/mL)                        195.90 (57.28-373.78)    227.25 (66.78-497.13)       152.45 (28.90-219.70)    0.060
  Adiponectin (µg/mL)                 45.79±10.41              47.20±9.45                  39.36±12.35              0.003\*
  Urea reduction rate                 0.74±0.04                0.74±0.04                   0.73±0.04                0.196
  Kt/V (Gotch)                        1.36±0.17                1.37±0.17                   1.32±0.16                0.203
  Female, *n* (%)                     55 (55.0)                47 (57.3)                   8 (44.4)                 0.320
  DM, *n* (%)                         35 (35.0)                25 (30.5)                   10 (55.6)                0.043\*
  Hypertension, *n* (%)               52 (52.0)                44 (53.7)                   8 (44.4)                 0.479
  Current smoking                     11 (11.0)                8 (9.8)                     3 (16.7)                 0.396
  ACE inhibitor or ARB use, *n* (%)   25 (25.0)                22 (26.8)                   3 (16.7)                 0.367
  β-blocker, *n* (%)                  29 (29.0)                26 (31.7)                   3 (16.7)                 0.203
  CCB, *n* (%)                        39 (39.0)                34 (41.5)                   5 (27.8)                 0.281
  Statin, *n* (%)                     18 (18.0)                14 (17.1)                   4 (22.2)                 0.607
  Fibrate, *n* (%)                    12 (12.0)                9 (11.0)                    3 (16.7)                 0.501

\**P*\<0.05 was considered statistically significant. Values for continuous variables given as means±SD and test by student's *t*-test, variables not normally distributed given as medians and interquartile range and test by Mann-Whitney U-test, Data are expressed as number of patients and analysis was done using the Chi-square test. ABI: Ankle brachial indices, HD: Hemodialysis, Kt/V: Fractional clearance index for urea, ACE: Angiotensin-converting enzyme, ARB: Angiotensin-receptor blocker, CCB: Calcium-channel blocker, SD: Standard deviation, BMI: Body mass index, SBP: Systolic blood pressure, iPTH: Intact parathyroid hormone, DM: Diabetes mellitus

The multivariable logistic regression analysis revealed that the serum adiponectin has significant statistic negative correlation with PAOD in HD patients (Odds ratio \[OR\]: 0.927, 95% confidence interval \[CI\]: 0.867--0.990, *P* = 0.025). Age was also found to be positively associated with these patients (OR: 1.054, 95% CI: 1.002--1.109, *P* = 0.043) \[[Table 2](#T2){ref-type="table"}\]. A ROC curve for PAOD prediction was plotted to verify the optimum cutoff for adiponectin, which was 43.27 μg/mL. The AUC for adiponectin was 0.691 (95% CI: 0.591--0.780, *P* = 0.008), with a sensitivity and specificity of 72.2%, 65.4%, respectively \[[Figure 1](#F1){ref-type="fig"}\].

###### 

Multivariable logistic regression analysis of the factors correlated to peripheral arterial occlusive disease among 100 hemodialysis patients

  Variables                OR      95% CI        *P*
  ------------------------ ------- ------------- ---------
  Adiponectin, 1 (µg/mL)   0.927   0.867-0.990   0.025\*
  Age, 1 (year)            1.054   1.002-1.109   0.043\*
  DM (present)             2.103   0.666-6.660   0.205

\**P*\<0.05 was considered statistically significant. Analysis data were done using the multivariable logistic regression analysis (adopted factors: Age, diabetes, and adiponectin). OR: Odds ratio, CI: Confidence interval, DM: Diabetes mellitus

![Receiver operating characteristic curve analysis to predict peripheral arterial occlusive disease in hemodialysis patients. The area under the curve receiver operating characteristic indicates the diagnostic power of adiponectin at predicting peripheral arterial occlusive disease in hemodialysis patients. The area under the curve for adiponectin was 0.691 (95% confidence interval: 0.591--0.780, *P* = 0.008)](TCMJ-32-70-g001){#F1}

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

The main observations of our study revealed that HD patients in the PAOD group had lower serum adiponectin level, higher prevalence of DM and older age. In addition, serum adiponectin and age were independently associated with PAOD in HD patients.

The prevalence of PAOD increases sharply with age, with about 20% of those afflicted \>60 years of age, increasing to nearly 50% in those aged ≥85 years \[[@ref24]\]. Aging is associated with functional, structural, and mechanical changes in arteries, which is an important condition leading to CVD \[[@ref25]\]. Our finding also showed age is a positive predictor of PAOD in HD patients. Increase in traditional cardiovascular risk factors, such as DM is also an important determinant of PAOD in all countries \[[@ref1][@ref2][@ref3][@ref24]\]. During 11 years\' follow-up, 16% of patients were diagnosed PAOD at baseline and 24% developed new PAOD in Type 2 DM \[[@ref26]\]. Type 2 DM in PAOD patients accelerates atherothrombotic disease and strongly increases the incidence of cardiovascular events than those with neither PAOD nor Type 2 DM, or Type 2 DM only, or those with PAOD only \[[@ref27]\]. In our study, it revealed that HD patients with DM were significantly more in PAOD than the normal ABI group.

The anti-inflammatory, antiatherogenic, and insulin-sensitizing effects of adiponectin were shown to be protective in patients with metabolic syndrome \[[@ref28][@ref29][@ref30]\]. The mechanism of vascular remodeling of adiponectin may be explained by it is property to inhibit crucial steps in the development of atherosclerosis; it includes (1) inhibiting the expression of scavenger receptor A1 of macrophages, further attenuating foam cell formation and ameliorating oxidized low-density lipoprotein uptake \[[@ref31]\], (2) inhibiting expression of adhesion molecules, such as intracellular adhesion molecule-1, vascular cellular adhesion moleculae-1 and E-selectin \[[@ref9][@ref31]\], (3) inhibiting proliferation and migration of smooth muscle cells \[[@ref32]\], and (4) diminishing platelet aggregation and thrombus formation \[[@ref33]\]. Therefore, in patients with low serum adiponectin levels, they are more prone to pathological inflammatory responses due to weakening protective effect against the atherosclerotic changes \[[@ref28]\]. Our finding showed a reverse correlation of plasma adiponectin with PAOD in HD patients after multivariable logistic regression analysis. The results of our study were consistent with previous two studies from Zhou *et al*. and Lim *et al*. \[[@ref17][@ref18]\]. Both studies revealed that lower serum adiponectin was found in the HD patients with PAOD compared to those without PAOD. The participants in the Zhou *et al*. study excluded patients with DM \[[@ref17]\]. Our study is the same as Lim *et al*. those HD patients including with DM \[[@ref18]\]. Furthermore, the serum adiponectin level was also independently associated with PAOD in HD patients with DM. However, if the HD patients without DM in our study, we did not find the statistically significant associated between serum adiponectin and PAOD. Further studies are needed to investigate the relationship between PAOD and adiponectin levels in HD patients without DM.

The limitation of our study is a small population of patients with PAOD, as a cross-sectional study, and these patients were from a single center. Another limitation is that use of the ABI test to diagnose PAOD may affect by patient\'s height \[[@ref34]\]. The other limitation is ABI could not completely represent of PAOD in HD patients because of high prevalence of medial artery calcification in these patients \[[@ref35]\]. Moreover, occlusive disease distal to the ankle is not detected by the ABI test. In addition, other established risk factors for PAOD such as smoking, hypertension, and hyperlipidemia were not shown a correlation in this study. Therefore, further multicentered, prospective, cohort study should be conducted to confirm the causal-effective relationship between serum adiponectin and PAOD in HD patients.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Low serum adiponectin levels are a risk factor for PAOD in HD patients. Further long-term prospective studies are needed to elucidate the causal relationship between serum adiponectin and PAOD in HD patients.
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